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WIND-TULNEL INVESTIGATION OF CARBURETOR-AIR INLETS

By W, J. Nelson and K. R, Czarneckl

INTRODYCTION .. .

An investigatlon of the ‘internal and exterval -airw...
flow characterlstics of carburetor-nlr Inlets for liquid-
cooled engine installantlions has beon conducted in the - -
HACA full~scale wind tunnel,- Increcsed alrplnne spoeds
and highor oporationerl altitudes have rugmoentod the .diffi-
cultios in tho dosign of elr inlets that are efficient
over the entlire fllght range. Efficient inlets provide a
unliform veloclty distribution at the carburetar metering
venturl wilth high ramming pressure and a l'ow .external’ drag.

Full-scale models of two representative pursult alir-
plenes were. used in the irvestization of nine carburetor-

" alr inlete differing in shape, size, and locatlion.  Theo.

inlet positions were confined to the forward soction of
the- fueselbagze. The effocts of propeller oparation on the-
inlet chiractoristics wore dotermined for most of'the inx
stallations, Moasurements of velocity distridbution,” ran,
and -drag wore mapde at alr qudhtitios and anglos of attack
corrosponding ‘to a wido rango of flight conditions for
cach of thoso inlots. :

LPPAR.LTUS ATD TESTS

L descriptiqn of the NACA full-scale wind tunnel and

_balance'usad for these tests is glven in reference 1. Tke
:models were meounted ln the test -sectlion as gshovwn in fig-
.ure’'l.' The principal dimensioni of the modele are glven

in figures 2 and 3. A 1l0-foot-dlameter propeller, fitted
with cuffs (fie. 4). and driven by an electric motor was
used on model A to-determine the effeat of the slipstream.

The duct system ahead of the nomi nal carburseior dloca=-
tion was made in two sections: one section formed the 1in-
let end the diffuser and the other contaired the bend rand
the connection with the carburetor flange. Changes in the
instrllation during the tests were conflned to the inlet
and tho diffuser. (See figs. 5 to 15.) 41ll the scoops
were of conventional design oxtopt scoop 5, which twisted
so that the inlot was alined with the direction of tho
slipstream in the hiligh~dpocd ocondition.:




. Since no.englne was provided 1n these models, 1t was
neceasary to add a duct replacing the carburetor to pro-
vide an adjustable outlet with whith to control the ailr
flow through the installation, The duect 1lnstallation in
model A 1s shown by an 1lsometric drawing in figure 16;
in figures 17 and 18 the detalls of the bends ahead of the
carburetor are glven for both models,

. The increment of drag added by each duct 1nstallation
was determined from the difference between force measure-

ments on the bare nodel and on the model with the carburetor-

alr system installed., These testa were made over a range

of 11ft coefficlents from -0,2 to 0 5 at tunnel speeds of

63- and 100 miles per hour.

-The-velocity distribution and the ramming pressure at
the. carburetor were obtained from measuroments of total
and statlc pressure at the flange location shown in figure
. 164. A grid of 29 total- and static-pressure tubes .of 1/16-

.inch. diemeter was placed in the outlct to provide data for
the calculations of internal drag ard dair quantity. -Tho
statlc~proessuro mnoasuroments roquirod for tho determina-
tion of tho critical Hach nurber on the dppor 1ip (table
. I) of oach of thoe inlots and at tho scoop-fusolage .fillots
.of scoop 5 woroc obteinod by moans of 1/32-inch-diamotor
.orificos installod flush with tho surfacos.

Powor-on tosts woro mado undor condltions simulabing
high-spood and climdbing flight to dotormine tho offect of
the eslipstroam on the avallablo ramming prossuro, tho inlot
voloclty, and tho surfaco prossuros., At tho high~spood
1ift coofflcicnt of 0.1, cstimatod for tho alrplano
oquippod vith a 1600<horsbpowor ongind, tho propollor .-blado

- anglo and V/nD wore calculatod to bo 60° and 2,9¢, ro-

gpoctivoly. In tho climb condition, for'a 1lift cooff%ciont

_of 0,5, tho calculatod-hlado angld and V/nD wo?q 40. and
1,22, . Tho tost.airspoods corrosponding to tho high-gpood

and édlinb.conditions woro-63 and 45 milos por hour, TO0SpPOC=
t*voly.

siMBOLs

ACD incromont of drag coofficiont &uo to acoop

IOD _calculatod 1ncromont of arag coofficiont duc to., 0X—
€ -tornal Lrag . . cr
Cyp alculatod 1ncromont of drag ‘coofficiont duo to in-
1 toernal drag



i A

OP 1ift coefficient
B wing area
He total presesure at carbureter position

H, free-strean totel pressure

P surface pressure
q local dynamic pressure
4, free~strean dynanic pressure

vy inlet velocity

Vo free~strean veloclty
Q alr quaatlty

M, critical Hach nunber
(o angle of attack

propeller blale settlng at 0.75 radlus

D propeller dlaneter
n speed of propeller rotation
T propceller thrust

T, thrust coefficient (T/pV,°D?)
RESULTS AiD DISCUSSION

A typical set of tuft observations nade at the entrance
of scoop 3 and presented in figure 19 illustrates the 1D
portance of the inlet-velocity ratio V3/V, as a fundanen-
tal paraneter in the inlet design. The tuft observations
at the low value of V3/V, = 0.21 show that the boundary

layer at the centor of the scoop separates fron the fusew
lagoe, resulting in the forration of a thick layer of eddy-
ing flow at the botton of the inlet which upsots the nailn
flow into the duct. Boundary-layor separation at the inlet
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occurs whon the inlet statlie prossure gq, [1 - (Vi/vo)a]

oxcoods thec total pressurc of the fluid in tho boundary
layor approaching the inlet. The prossurc at the inlet
varles from stagnatlon pressure at an lnlet-voloclty ratio
of zero to stroem static pressure at an lnlet-velocity
ratlo of 1,00, The depondency of bvoundary-larer separa—
tion on the inlet-veloclty ratio i1s shown in figures 19(b)
and 19(c) in which, for V3/V, = 0.36, tho pressurec rise
at the inlot was insufficlent to cause large-scale separa=-
tion and, for Vi/Vo = 0,53, the boundary layer entorod
tao scoop wlti no indication of unstable flow.

Although tho inlet-velocity ratlo is ono of tho most
fundamontal inlot parametors, direct comparison of the
varlous scoops cannot bo made on this basis alone. ALt a
glvon V4/V, a larger alr quantity ontors the larger ine~

lets and, conascquontly, tho duct losses, wvhich aro primari-
ly a function of intornal d;namlc prossurc, arc highor,
The parameter Q/Vo, in whiech Q 1s tae alr-flow volumo,

provides a basis for comparison of tho duet installations
as & functlon of tho alr-flow quantity.

Lir Flow and Ram

Contours of total pressure (figs. 2C to 26) at the
flange locatlon are glven for all the installatlions test-—
ed to facllitate the visuallization of the air flow at the
carburetor. The average value of the total pressure at
the carburetor 1s the ramwming pressure, which 1s given as
a percentage of the free-stream dynamic pressure. Since
the statlc pressure was uniform ia most of the tests, the
contours also approximately indicate the veloclty distri-
bution at tho metaring venturli. The ram obtained with the
better scoops on airplane 4 was consistently lower than
that obtalned with similar scoops on airplane B, =as a
result of the higher bend losses that occurred at the ab-=
rupt duct bend on alrplare a, as compared with those
caused by the larger radius bend on airplane B:- (figs.
17 -and 18). ' .

The total-pressure dlstribution, which was essentiale
ly uniformn for all the.protruding scoops at low inlet-
veloclty ratlos, became increasingly irregular at higher
values.of V4/V,. The.uniformity of flow at very low-

flow ratios 1s due. to mixing in thg.diffuaer as-a_;eqult
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of a turbulent condlition at the inlet and to the low losses
at.the duct bend. . At .inlet~veloclity ratios below adbout
0,30, the desirable flow uniformity is accompanled by an
undeslrable loss of ram owing to the flow breakdown at the
duct 1lnlet., TFor larger values of the 1lnlet-~voeloclty ratlo
from approximately 0.30 to 0,50, optimum over-all perform-
ance of the scoop 1s attalned with a uniform veloclty dls-
tribution at the carburetor snd maximum ramming pressure.

As the flow through the carburetor system 1g increased
with greater values of Vy/V, and Q/V,, the duct bend
losses become larger, tending to decrease both the flow
unlformity and the avallable ram, At the bend the greater
part of the energy losses occur on the inner slde of the
turn bocause of separation of flow around the small inner
radius., This effect is shown for scoop 1 (fig. 20) at a
Vy/Vy value of 1,13 and a Q/V, value of 0.,16. The pres-
sure available bohind the inside of the turn was about 20
porcent less than at the outslde of the turn, and the av-
erage ram was 78.5 percont gq, as compared wlth 91.5 per-

cent q, for a flow ratio of 0,05, Tho samu cffects are
clerrly shown in Tigures 21 to 24,

An englvsis of tho source of theo loss of ram 1s made
in fizuro 27, 1n which the pressure in tho carburetor has
becn plotted against V3i/Vy for inlets 1, 3, 4, and 5.
Becauso of differcnce 1n inlet arca, tho flow quantities
av tho semo 1alot-voloclity ratios for the soveral scoops
are diffcront.

Thoso date all show tho charactoristic decrceasc 1n
ram wlth lncreasing inlot-voloclty ratlo with tho effect
accentuatod for tho largo-area inlot scoops. In tho analy-
8ls of tho data 1% was assumcd that tho losscs 1n the: bond
woero proportional to tho local dynamlc prossuro and, basod
on studlos of bends, 1t was estimatod that tho loss 1in tho
case of the abrupt bond in modol A would bo 40 percont q.

Tho bond lossos, cnlculatod on tho forogolng nssump-
tlon, aro shown in figuro 27, It will bo notod that, for
tho high~flow quantity, the bond loss accounts for a largo
part of tho total loss in ram with a smallcr, more noarly
constant amount causod b; tho boundary-layor and duct lossos,
At vory low inlot-voloclty ratlos tho bond lossos arce small
and, as proviously montionod, tho low ram 1s duc to sopara-
tlon at the inlot. The extent of the dlssymmetry occurring
at the carburetor for the high flow ratlios will largely de-



pend on the efficlency of the bend. The results indicate
that in high—altitude flight, for which case the duct ve-
locitles may become high, extreme ocare must be exercised
in the deslign of the duet to avold large losses in ram
and loass in flow uniformity.

The data obtained on scoops 6, 7, and 8, tested on
mocel B, are of varticular interest in iemonstrating the
effect of the inlet position wlth roference to the fuse-
lage surface, ©8Scoop 6 was so locatod that the inlct aroa
was ontlrocly sabovo the surfeco with a narrow gutter pro=-
vidod for bypassirg tho boundary layer; scoop 7 was 80
mountod that the local surfaco of the inlet was tangent to
tho surfece of tho fusolago; and inlot 8 was flush with
tho uppor contour of tho fusolagoc with no protruding
scoop. Thc rams obtaincd with scoops 6 and 7 woro both
high and about tihe same (fiz. 25). For tho flush inlet 8,
only 75.5 porcont q, was recovorod as ram and tho voloc-
1ty cdistribution et tho carburotor was very irrogular.

Tho prossuro at tho 1lnsido of tho turn was only about half
tho strecem prcssuro, infdlcating a dbroakeway flow akoad of
tho duct 1nlot. In offoct tho oxtormal stroam ovorruns
the inlet, that 1is, it falle to make an efficient turn
wlithout the gulding action of the protruding scoop. 'On
the basls of ram and veloclty distribution, scoops 6 and 7
are of equal merit:; as will be noted later, however, the
drag of the scoop wlith the gutter is higker.

The eftfect of decreasing ths helzht of the duct in-
let whlle =maintaining a comparable inlet area 1s shown in
figure 27, At low values of V4/V, the flat scoop has
ebout the same effectliveness as the scoops that protruded
farther above the surface; at high values of vi/vo, howe
ever, tlhe ram is largely decreasec. Thlis result is attrid-
uted to tho greater length of fuselage surface from whilch
the boundary layer i1g tsken, resulting in a larger percent-
gge of the air entoriag thue duct at a reduced total precw-
sure, Additlional factors contrlibuting to the low rams at
high~flow quantities aro the less favoreblo cexpanslions in
tho duvet diffusor and the srrll hydraulic radius caused
by the flai% shape with resultant lncreased skin friection,

The results obtalned with the unconventional annular
inlet 9 are skown 1a fizure 26, A4t angles of attack corre-
gponding to the hlgh~speed condltion, this inlet has char-
acteristics comparable with the best protruding scoops.

At high ongles of attack, however, owing to the shlelded
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position of the inlet above the propeller spinner and to
the tendency of the flow to splll out of the. top of .the
cowllng, the pressure in the scoop 1s greatlg reduced., It
wlll be noted that, at angle of attack of 12°, the ram has
dropped to approxlnately 30 percent of the stream pres-—
sure, In the case of the protruding scoop 5 (fig. 28), a
decrease of only about 5 percent 1n ram occurred over an
angle~of-attack range of 11, 8Similar results were ob-
talned with other protruding scoops.

The effect of the slipstream on the rannlng pressure
avallable at the carburetor is shown for scoops 1 to 5 in
figure 29, At a sinulated high-speed operating condi-
tion, the slipstrean increased the carburetor ram approx-
Inately 5 poercent gqo for the five inlets tested. In the
clind condltlion, a slightly groater lncremcent was neasured.
Tho fallure to recover a largcr porccntago of ran pressure
In the clind condition nmay be accountod for dy inofficient
action of tho lowor geoction of tho promoller cuff,

Tho lnprovomeat 1n powor-on ram made by twisting the
inlet into the slipstream is shown in figure 50, 1In the
hizhespoed condltion at an inlet-velecity ratio of 0.40
an increase of approximately 3 percent ¢q, was measured.

Drag

A surmary of the drag data for the varloue carburetore
alr cduect installatiorns 1s given in table II. The 1ncre-
ments ACyp in the table are the differences between meas-
ured drag coerflcionts of the model with and without the
carburesor-alr systems and include the drag due to flow
through the outlet duct and the outlet losses. The values
of the drag incremsnts given are therefore useful only for
comparing different scoop arrangemeants on the same model;
hence the values of ACp for installations on model 3
cannot be compared with those on model A Tbecause of
differences in the outle:t cduct system. Tke outlet for
model A was relatively efficient at low alr-flow quanti-
tles; at largo velues of Q/Vo, however, the carburetor
alr was oJected from the fuselage at a large angle to the
streem diroction producing a turbulent rogion behiand the

.outlet rith high drag. On model 3B, the outlet duct was

unavoldably tortuous and 2 large part of the kinetlc en-=
ergr of the alr flow was lost, resulting in a nlgh outlet
drag.



The evaluatlion of the internal and external components
of the drag hes been accomplished by calculating the ener-
g7 lost ir the duct and deducting this quantity from the
measured ACp. The internal drag coefficlent Cp,» corre-

spondlng to the losses in the duct system up to the carbu-~
retor flange, ies given by the expression

Cy =§_Q'_.[1_ /.H_Q.-,
1 = S5V, v E,
In & similar way the drag coefficient corresmonding to the
total loss between the inlet and the outlet can be caleu-
lated by replacing the torm E, in the foregoing equation
by the value of the total pressure st the duct outlet.
The values of °D1 for the different carburetor installa-

tione arc given ir tadlo II, 4in which it will be noted
that the dreg due to loss ahead of the carburotor 1s small,

Tho valuos of the drag coocfficlents corrosponding to
the total 1nternal duct lossos aro not tebulatod. Thoy
wore calculaeted, howover, and tho oxtornal drag cooffi-
ciont incromont cDo was obtainod by doducting tho total

internal drag coefficlent from the drag coefficlent incre-
ment moasured in the force test. As previously mentionsd,
the extcrnal drag coefficlents include the losses occur—
ring at the outlet and are therefore larger than for nore-
mal installations with engines. The results indicate,
with respect to measurements at low alrspeeds, that the
drags of the different scoops tested are somewhat similar
and that an efflcicnt installation of a carburetor scoop
on a conventlional pursuit alrplane should not inerease

the drag coefficlent by more than 1 percornt.

Compressibility

As & result of numorous fundamsntal serodynanic inves-
tigations, a techniquo has been evolved 1rn which pressure
measuremnonts at low alrspeods are used to estimate tho
speod at whlch compressibility effects bocome critical.
This critical speod has beoen defined as the forward speecd
at which the local volocity at any point on a body reachos
the specd of sound; at spoeds below tho ecritical a welle
dofinod varlation of prossuro dlstrldbution with specd oce
curs that ls accomparicd by significant drag changos.

Tho drags of tho scoops as measurod in this investigation



ﬁt 100 miles por hour may bo'incrqased considoradbly at
higher plrplane _speqds, if tho local. specd of eound is ape~
proachod at any point on tho scoop.

Tho mothod of estimating tho .critical spcod from
moasuromonts of tho prossuros at low spoods 1s glveon in
roforonco 2, Tho valuo of tho maximum nogatlvo prossuro
1s dotormined by moans of surfaco prossuro moasuronmoants at
low spoods and this valuo 1s oxtrapolatod to high MHach
nunbors as 1n figure 31, The critical speed 1s determined
by the intersectlon of the extrapolated pressure curve
with the curve of the local speed of sound.

Exonlnation of figure 31 shows tiaat the highest crit-
ical speeds wlll be obtalined with scoops having the low-
est maxirum ncgative vrecssures. The problem of designing
a scoop with o hligh oritical speed 1s analogous to that of
doslgning an airfoil with tho samoe charasctoristics bo-
causo, n8 in tho casoc of an alrfoil, tho prossuros rro dc=-
tormined by the cambor of tho lip, its thickness, and 1ts
angle of anttack., Tho anglo of attack ot tihie scoop 1lnlot
is dotormrlnod by tho camount of flow that passos through and
around tho inlot wkich i1s oxprossod by the ratlo Vy/V,.
Lt low valuos of Vi/Vo the angic of nitaclt 15 hligk aad
the conversse zlso holls (fig. 32). liininum negative pres-
sures wvould be ovtelnod for a thlrn-1lip scoop adJusted
throughout the fligkt ranze so as always to operate at 1ts
i1deal angle of attack. In the usuel case, aowever, ad-
Justable 1nlet scoops ure undesirable and the optimum
scoop becomos a compromlse for best average operation over
the flight range, with the speclific reculrenent that a
eritlcal spuved on the scoop lip raust exceed that of the
rest of the sirplane. The comproumlse lnvolved 1n the de-
slgn of fixed-area inlet scoops requlres discarding thin
gscoop llips because of tholr knowa undeslirable sensltlivity
t0o changes ln angle of sttack. In tho present investlga-
tion, sufflcient tkhlcknoss was provided at the scoop llips
to mininize the variation in pressure distribution with
the 1lalot~veloclty ratilo.

Thoe prossure dlgtributione moasurod on the scoops
tosted in thie investlgation for a rango of scoop 1lip
shapos and inloet-velocli» ratlios aro sliown 1In fizuresg 33
to 41, In the analysis of the results for tho different
scoop moclificatlions, the minimum anogatlvo proessuro poaks
occur ox tiino ccatours that »provide tho most unliform prosge
sure dlstribution., This uniform nrossuro distribution 1is
associated with shapes that aro corroctly camberod for
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tho anglo of attack at which thoy aro oporating, In' gon=
oral, tho poak prossures arc docroascd by incroasing tho
raCiue of curvaturo 1in tho roglon of nogative prossuro,

Tho lowor poak prossuros acconpanying tho incrocased
valuose of inlot-volocity ratlo arc shown in figures 36 to
40, In tho caso of scoop 'l with tho original contour, tho
voak nogativo prossuro is docroasod fronm 0,97 Qo to
-0.41 q, for a varlation in tho inlot-voloclty ratio fron

0,34 to 1.13. This rosult corrosponds to a chango in crite
ical ilach number from 0.59 to 0.74, which is oquivalont to
an incroasc in tho eritical spood fronm 411 to 510 nilos

per hour at 235,000 fcot altlitudo. A sinllar variation of
eritical spood with inlot-volocity ratio ocecurs for tiio
obthor scoops. Tho critical variation of tho prossuroc dls-=
tribution on tho inlot with tho inlot-voloclty ratio may
lead to the use of adjustadble scoops for efficient opera-
tioa over wide ranges of speed and altitude.

The effects of propeller operation on the pressure
disgtribution on twisted scoop 5 are shown in figures 39
ané 40, Along the leit fillet, the sicde fror which the
propeller approachkes the scoop, a snall decrease in the
naxinum negative pressure was caused by the slipstream at
the sinulated high-speed condition (fiz. 39). The pres-
sures along the top of the scoop and in the right fillet
were not greatly affected, With the increased slipstrean
veloclty sinulat11 the elind coandition (fig. 40), a fur-
thor recduction of the negativoe pressures in the left filw-
let occurrod acconpaniod by slight roductions in the poak
prossuros on tho top and on tho right fillet. *For tho
tosts wilth tho inlot-voloclity ratio of adbout 1.00, the
poak nogatlvo prossuros occurrod on the insido 1lip of tho
scoop duo to tho nogativo anglo at which tic 1llp was op=-
orating.

COI'CLUSIOXS

Froo thc rosults obtalnod for cight scoops testod 1in
tho full-scalo tunncl, 1t has boon concludod:

1, Tho lnportant coslgn paranctors that dotcrnino
the oporational charactoristics of carburotor-alr scoops
aro tho inlot-voloclty ratio V4/V, and tho air-flow

quantity Q/V,.



L™

11

2. Tlow scovaratlion occurs in tho boundary layer
ahead of the carburetor inlet 1f the inlet=veleeilty retlo
18 decreansed below about 0,30,

3. Highest over—all inlet effliclencles occur for
values of V,/V, %between 0,40 and 0,50.

4, One of the nost inportant sources of loss of ran
and nonunifornlty of flow at the carburetor 1s the duct
bend. Tke velocity at the ducet bend should be reduced to
as low o nagnltude as feasidble.

5 Raised carburetor scoops with gutters for typasse
iny ths boundary layer slhow no important increases in ram
over wall-designad scoops that are tangent to the fuselage.
The drag of the raised scoop 1s hilgker,

6 Lower ram and less uniform veloclty dlstributlon
were obtalned with wilde flat scooms at high inlet-velocity
ratlos.,.

7. Tha crag of a well-=lesisgned carburstor alr scoop
should not exceed 1 percent of the alrplane drag.

3. The miniaur negetive pressure peaks and highest
criticql spsod are obtoined on scoop contours that pro-
vide a uriform pressuroe dlstribution. lghost eritlical
spocds are reznchod at hlgh inlet-veloclty ratios.

9, The criticel varlation of tke prossure distridu-
tion on the inlet with V3/7, may lead to tho usc of ad-
Justeblo scoops for efficisnt operation over wldo ranges
of speod and msltitude. .

Langley lHomorial Loronautical Lebormtory,
Natlional Advisory Committee for Acionautics,
Langley Tield, Va,. '
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Statio Upper surface, y

TABLE I. -
x Scoop 1 Scoop 3 Scoop Ut Scoop 5
SCOOP LIP
orig| & |3 | ¢ lorig] 23 lortgl & |west|c.r.|Bast
SECTIQHS
0 0.7210.74(0.62{0.6%{0.77 {0.69|0.59 |0.57 {0.5k4[1.00|0.83 |1.82
B b BBk Bh R Rl B
All dilnenﬂions e - ° [y 3 L] L} ) [] (] e [ L]
.75 (le24{1.31{1.34{1.045{1.32(1a39|1.L0]1.20[1.17 1.27
are in inches 1.00 |1.38[1.04 1.32 1.52 R 151457 {1424 .31 1.48 1.37 |2.56
1.25 [1.50[1.58{1.63]1467]1.58 {169 ]1.73[1.37 [1.4Y, 1.39
1,50 [1.62{1.70[1.74|1.80{1.701.81|1.89[1.52[1.59 1,61 [L.59}2.88
1.75 [1.72{1.81/1.86{1.92{1.801.91(1.99]1.62(1.69 1.67
2.00 |1.84/1.91{1.96]|2.00{1.89 [2.02{2.10{1.73|1.801.69 [1.75|3.15
2,50 |[2.00]2.09|2.15|2.20]2.05|2.17|2.251.91 |1.98{1.73|1.89|3.43
3.00 |2:1842.23 2.&0 2. 4h412.17 a.iz;1 2.39|2.04 12,21 |1.76 {2.00}3.72
50 |2.27[2.37 |2.43(2.49 |2.27 [2. )1 |2.49 |2.17 [2.24 |1 .78 {2.11 | 3.95
.00 [2.40(2.50[2.55{2.61([2.35 [2.50 [2.58 |2.28 [2.35 |1.80 [2.19 |4 22
4,50 [2.501- ' 2.422.57 |2.65 2.is 2.% 1.80|2.26 {4146
5.00 |2.58 2.47 12,63 {2.71 [2.47 |2.541.77 |2. 33 |4 7O
5«50 |2.65 2.5212.67 |2.75|2455 |2.62{1.T5 2.38 ——
6.00 f{2.7% 2,56 12.7112.79|2.68 {2.61|1.73 {2.43|5.13
7.00 [2.87 2.6312.79 {2.87{2.75 {2.82 2,52
8.00 |2.98 2.60
9.00 |3.06 2.
R . A0 .32 .22 5] .32 L23] .38] 30| 468 57]1.06
xf: .09 .15 .22 AR .2 <07
. 1line Ji 051 . 08 . 07 09 )
Tibe. 1 ) 8.dez. | 28] 30| 28] 29| 25| 24| 30| 7| 8| 6] 5| 0

!a.x_1 and y, = ordinstes of center of leading-edge radius of modified
1 inlets with respect to center of original lip.
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TABLE II

SUMMARY OF DRAG DATA

13

Inlete AOp at 01,=0.1 Op, at Op=0.1

_ S8coop| area vy/v Q/v Test speed Cp Test speed
3 (ea 1in,) 7o} ° (mphg 1 (mph

i; 63 100 63 100

1 19,8 0.49 lo.06%7 |0,0004}|0,0002|0,00004 {0,0004 }jO.0002

2 30,3 32| ,067| 0001 ,0002| .,00004; ,0001 ., 0002

3 47,3 o231 069 | ,0003| —--c= 00007 | ,0002| wevmenm

31 102t ,0004) —~-==~ . 00008 0003 | ——=--

03 .108 .0C05 .0006| ~-—-——= 0004 | ,00056

.38 118 ,0003| ~---- . 00008 0002 ]| ===~

«43 141 L0003 —---- .00011 L0001 | —--m-

+D0 164 ,0007| --=-- .00016 0004 | ~====~

.63 o174 | ,0010} ~====~ .00019 L0006 | ~—~=-

4 32,7 o7 w061l | = .0003 00005 | === . 0003

5 26.3 .37 .068 . 0003 . 0003 . 00003 .0003 . 0003

« D4 .099 . 0003 . 0003 .00C05 . 0003 .0002

6 37,1 e 26 o067 | === ., 0008 0000l | —eeem | mee =

4 088 | ~—==== L0007 ,00001l | === | =m===

W45 116 | ~-em ,0008 00003 | =——-= | —==w=

7 26,9 cmm | e | ] mmmem | e} e | m =

37 0068 | ~==== D001 LNO00L | == | ==~ ==

«55 el03 | —=—== . 0003 L0000l } ~==-={| ===~ -

.66 Wl23 | — == 0005 e 00002 | mmmmem | svmemem

8 27.8 42 081 | ====-= L0002 ,00014 | v | ===

D2 el00 | m~=-=-— . 00056 200019 | ecmmee | eemm=




Figure 1,- Model A with carburetor air scoop 1, as tested in the full-scale wind tunnel.
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Tigure 2.~ Gensral arrangsment of model A,
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Figare 3.~ General arrangsmant of modsl B,
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Figure 4.~ Dimensions of propeller cutf,




Figure 5.~ Carburetor air scoops tested on model A,
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Fgure 6.~ Model B and scoops 6,




SECTION A-A SECTION B-B

Figure 7.- Carburetor air scocop 1, tested on modsl A,
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SECTION A-A SECTION B-B

Figure &~ Oarburetor air scoop 2, tested on model Ao
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SECTION A-A SECTION B—-8B

Figure 9= Oarburetor alr gcoop 3, teated on model A,
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SECTION A-A SECTION B-B

Figure 10,~ Carburetor air scoop ¥, tested on model A.
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Figure 1l1,- Oarburetor alr scoop 5, tested on model A,
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SECTION A-A

Figure 12,= Oarburetor air scoop 6,

" SECTION B-B

tested on model B,

gt ‘3L



END OF SPINNER

SECTION A-A SECTION B-B

Figure 13.= Oarburetor alr scoop 7, tested on model B,
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SECTION A-A
Yigure 14.- Carburetor air scoop 8, tested om model B,
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SECTION A-A Figure 15.- Carburetor air scoop 9, tested on model A.
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Figore 17.- Dimensions of duct turn ahsad of carburetor location
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Figure 19.~ Tuft survey showing effect of inlet velocity on flow
. at inlet of soop 3; propeller off,
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Figure 20.- Effect of V3/V, on ram with scoop 13 propeller off, a = 19,
Values indicate total bressure, H,, in millimeters of alaochol.
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Figure 21.- Effect of V,/V, on rem with scoop 2; propeller off,
a = 1°, values indicate total pressurs, Hy, in mil-

limeters of alcohol.




Inside of duct bend
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Figure 22.~ Effect of 11/79 on rem with scoop 33 propeller off, a = 1° VTalues indicate total
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Flgore 23.- Effect of 71/70 on rem with scoop 43 propeller off, a = 1°,
_Va.lun indicate total pressure, H,, in millimeters of alcohol.
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Figure .- Kfect of V1/¥o on rem with scoop 5y propeller off, o = 1,
Yalues indicate total pressurs, Hos in millimeters of alcohol.
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Figure 26,- Distribution of total pressure, H., withk scoop 93 propeller off. Values of HEy are
in millimeters of alcohol.
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RACA Tig. 28
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Figure 28.~ Effect of angle of attack on ram; scoop 5, propeller off.
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Flgure 32.- Effect of vilvo on the angle of attack of the inlet lip.
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Figure 33.- Effect of inlet-lip contour on surface pressures
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Fgure 38. - B:o:tlsg MHdt;ol..w nﬁo on surface pressurs; scoop 3, propeller off,
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